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Abstract 
The fast neutron imaging can be a powerful method for measuring the aging deterioration of the large-scale concrete 
structures, which is an urgent social problem in Japan. We discussed the preliminary design of the fast neutron source 
in the imaging system and confirmed its feature with the Monte Carlo simulation.  
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1. Introduction 
Aging deterioration of social infrastructure, which is mainly made of concrete, is a serious problem in 
advanced countries. Especially in Japan, a lot of concrete structures such as bridges will have outrun their 
life-spans of about 60 years in 10-20 years since most of them were built in the high economic growth 
period from the mid-1950s through the 1960s. We have to identify concrete deterioration as soon as 
possible, and prolong its lifetime with proper preventive maintenance.  
The deterioration of concrete is measured by observing cracks, moisture and fractures of steel inside 
concrete. Therefore we need sensitive nondestructive evaluation methods for concrete structures. The fast 
neutrons with the energy of a few MeV can penetrate thick concrete and be the promising probe for 
detecting its inner defect by the radiography technique. With the fast neutron imaging, water existence 
inside concrete is easily detectable and scattered beam, which smears transmission image, and can be 
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rejected by time-of-flight measurement. We have already started to develop the fast neutron imaging 
system for concrete structures at RIKEN Accelerator-driven compact Neutron Source (RANS).  
In this paper, we make a brief study of the fast neutron source in the system for efficient imaging. 
2. Simulation and discussion 
2.1. Effective absorption coefficient of concrete 
We start the discussion by considering the interaction between neutrons and concrete. Ordinary 
concrete (OC) is primarily composed of SiO2, Al2O3, CaO, Fe2O3 and their hydrates. Fig. 1 shows the 
ratio of atomic numbers in OC. The most abundant element is oxygen followed by hydrogen and silicon. 
From this ratio and cross section data, the effective absorption coefficient of OC for neutrons can be 
calculated (Fig. 2). The energy dependence of the absorption coefficient is roughly determined by that of 
oxygen. The absorption coefficient is relatively small in the range of 2 to 3 MeV and there is also a local 
dip around 2.3 MeV. Using neutrons in this energy range, we can realize clear radiographic measurement 
of concrete with less absorption and scattering.  
 
 
 
 
 
 
 
 
 
 
Fig. 1. Ratio of atomic numbers in OC.                                             Fig. 2. Effective absorption coefficient of OC. 
2.2. Energy and angular distribution of fast neutrons generated by 9Be(p, n) reaction 
The fast neutron source in the system will employ the nuclear reaction 9Be(p, n), which is practically 
used in RANS. This reaction has the advantages that high intensity neutron beams are available with low 
production threshold and the activation of materials in the source equipment is controlled in low level. 
Although it is generally difficult to simulate low energy nuclear reactions accurately, we can refer 
some experimental data. Fig. 3 evaluates the energy and angular distribution of neutrons produced by 
9Be(p, n) reaction with 4.7 MeV incident protons. These plots are interpolated from the measured values 
with 4.0 [1] and 5.0 [2] MeV incident protons. There are forward broad peak in the range between 2 to 3 
MeV which is suitable for non-destructive measurement of concrete structures. This peak also continues 
gently in the range between 0 to 30 degrees. This flat angular distribution enables us to irradiate 
efficiently the large-area sample at one time. 
Using PHITS (Particle and Heavy Ion Transport code System), we carried out the simulation of 
radiographic measurement of OC with fast neutrons produced by the above reaction. The beam source 
was Gaussian shape with an root mean square radius of 5 cm. The energy and angular distribution were 
assumed to be in the range of 2 to 3 MeV and 0 to 30 degrees, respectively. The sample OC was 100 cm 
high, 100 cm wide, 30 cm deep, and located 250 cm apart from the source. There were some air gaps with 
a volume of 3 cm cubed arranged at 20-cm grid spacing inside the sample. The simulation result of 
transmitted neutron flux is shown in Fig. 4. The whole area of the large sample was irradiated by a small 
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source due to the broad angular distribution. The internal structure of the sample was also revealed in 
spite of the beam divergence. 
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Fig. 3. Neutron energy and angular distribution of 9Be(p, n) reaction. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Transmitted neutron flux. 
3. Summary and prospects 
We studied the preliminary design of the fast neutron source in the non-destructive imaging system for 
large-scale concrete structures considering cross section data for neutron scattering, absorption and 
production. Fast neutrons produced by 9Be(p, n) reaction with 4.7 MeV incident protons are very 
appropriate for concrete imaging due to its energy and angular distribution. Their notable characteristic 
was confirmed by the Monte Carlo simulation with PHITS code. 
We are also developing a prototype of the fast neutron detector with plastic scintillators and multi-
pixel photon counters, and studying the method for sharpening images by filtering the scattered neutrons 
with time resolved measurement.  
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